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Summary Record of the First meeting :
of the NEA Norking Group on_the Identification and Select1on
of Scenarios for Performance Assessment of Nuclear Naste Disposal

Paris 12th-14th Dctober 1987

Present:

B. Goodwin, Canada

P. Escalier des Orres, France

J. Marciano, T. Foult, france (part of t1me)
K. Andersson Sweden y .
P. Zuidema, Switzerland

D. Hodgkinson, UK (Chairman)

R. Cranwell, R. Guzowski, USA

D. Galson, USA

S. Carlyle, NEA (part of time)

J.P. Olivier, NEA (part of time)

C. Thegerstrom. NEA -

The first meeting of the Working Group on Scenarios was held in Paris

on 12th-14th October 1987. A.detalled report is given 4n the record be\ow
In summary the following was accomplished during the meeting.

Dr. David Hodgkinson, UK, was elected as chairman of the‘Group

Experiences in Member countries on scenario identification and
selection were reviewed based on presentations by participants at the
meeting and on scenario questionnaire responses. A substantial amount
of material on performance assessments and scenario identification/
selection 1s thus available. It will be further compiled by the
Secretariat with the aim of obtaining a complete and systematic

presentation (catalogue) as a basic background information in this

field. ' ]
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* General discussions were held covering the following main subject areas

- the scenarijo concept

- the logical framework for performance assessment and scenario
‘dentification/selection

- approaches and methodologies

- selected topical i1ssues (time-perspectives, probabilities, human
intrusion, bounding analysis, etc.)

* The group arrived at a common general approach to the procedure of
identification, screening and selection of scenarios.

* Guidance on what should be meant by a scenario was given by the group
based upon which the NEA Secretariat will draft definitions on
"scenario-terminology".

* A detailed preliminary table of contents for the final document was
developed and a first draft will be avallable at the next meeting, 9-11
May 1988. An overview paper (about 20 pages) will be prepared by the
working group Chairman for presentation at the next PAAG meeting (see
below). .

* A preliminary programme was set up for a one-day workshop on scenarios
at the next PAAG meeting 25-27 January 1988. PAAG will then get the
opportunity to discuss in detail the NEA work on scenarios and to give
further comments on this work.

Item 1: Opening of the meeting - Election of the Chairman

1 Participants were welcomed to this first meeting and Dr. David
Hodgkinson, UK was invited to be the chairman of the working group. The
agenda for the meeting was approved.

Item 2: Remarks by the Chairman and the NEA Secretariat

2. In his remarks the Chairman pointed out that the discussions should be
kept on a general level and not go to much into details of particular
scenarios. The concept of scenarlos should be explored and the group should
try to establish a logical framework for the discussion of scenario
identification and selection. He also sald that it would be wise already at
this first meeting to think about the content of a final document to be
produced by the group.

3. Mr. Thegerstrom recalled the general objectives of the working group on
scenarios as agreed by PAAG and RWMC. They would be:

“to consider, at an international level, issues related to the
jdentification and selection of scenarios for performance assessment of
radioactive waste disposal in order to promote consistency in
approaches and methodologles® [PAAG/DOC(87)2 annex 3].
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The scope of the work had been defined as identification and selection of
scenarios for post-closure assessment of disposal of 2l types of radioactive
waste. First priority, however. would be given to deep disposal of long-)jved
wastes. The work should result ip a state-of-the-art report, reflecting the
discussions and conclusions of the working group. :

4. Mr. Thegerstrom mentjoned that the scenario issuves were considered by
PAAG as a high-priority area which must be stropgly. inked directly to PAAG.
A progress report from the working group should be presented to PAAG at ts
next meeting in January 1988 to get further directions and priorities from
PAAG for the NEA work on scenarios.

Item 3: Review and discussion of work done/being done in Member countries

5. Participants briefly reviewed the work on scenarios being done within .
their country and/or organjsation. , '

6. Mr. Cranwell and Guzowski described the methodology developed at Sandia
for selection of scenarios The procedure is schematicaily i) lustrated in
figure 1 (Annex 1) attached. (From NUREG/CR-1667, SANDB0-1429). This .
methodology has beep applied for demonstratiop purposes on concepts for
disposal in salt, tuff and basalt. It has also beepn applied recently in the
performance assessment of the WIPP facility. The basic documents on this
methodology and its application will be sent by Cranwell} to the other
participants of the NEA Working Group on Scenarios. He will also try to
obtain a scenario questionnaire response from the NIPP-project

7. Mr. Galson gave further. comments on the approach by USNRC on scenario
jdentificatiop/selection. NRC sponsors the work by Cranwell et al. at

Sandia. The aim is to develop a generic methodoiogy that could be established
by rule-making and that would then have to be followed. This work will
proceed over the coming two years and the NEA ipitiative is therefore very
timely for NRC.

8. Mr. Andersson, Sweden, briefly reviewed Swedish experiences referring
to the answers given to the NEA questionnaire. He said that there was a
strong need for the work .now initiated by NEA and that he expected that it
could provide a systematic background and guidance for Member countries. He
stressed the need for a logical framework for the scenario
identification/selection procedure and its relations to and distinctions from
other parts of the system performance assessment,

9. Mr. Escaljer des Orres, France, highlighted French work on scenarios
within the framework of PAGIS, CEC. He discussed the importance of tectonic.
seismic and climatic effects for sites in clay, bedded salt and granite. He
also mentioned the important work by an expert group (chaired by Prof. Goguel)
set up by the French authorities to give guidelines and advice in this context.

10. Mr. Goodwin, Canada first described regulatory criteria in Canada and
their implications.on scenario selection. They call for vantification of
scenario probabilities and an estimated indiviXuai risk of less than 10-6
serfous health effects per year during a time period of 104 year. He -
reviewed briefly experiences on scenario identification/selection and
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performance assessment approaches referring to the detailed Canadian responses
to the questionnaire. He pointed out that the quantitative analysis is done
with the help of the SYVAC code but that some scenarios are evaluated
separately in a qualitative way.

11. Mr. Zuidema, Switzerland, commented briefly on the approach by NAGRA in
identification and selection of scenarios for the project Gewdhr study. He
described the systematic approach and classificaton used and he pointed out
the 1ink between how scenarios are selected and the available tools for

modelling.

12. Mr. Hodgkinson, UK, described work being done for UK Nirex's previous
plans for shallow disposal of low level waste. He pointed out the
significance of low levels of a-activity for the long-term safety
assessments and he stressed the need to analyse also other effects than
transport by groundwater like intrusion by people, animals or plants or gas
generation and release.

13. Mr. Foult, France, described the assessments by ANDRA of shallow
disposal in France. Institutional control is supposed to be maintained for at
least 300 years. In the assessments it is assumed that after that period the
use of the site is unrestricted. Human intrusion scenarios with people living
or drilling wells at the site appear to be the most critical (l1imiting).

14. The group reviewed questionnaire responses with the help of table 1
(Annex 2) attached, which gives a brief summary of responses received at NEA
up to this date. It was noted that an important and substantial background
material on major safety assessment studies and scenario analysis in Member
countries is now at hand through the good response to the questionnaire.
Further collection of additional questionnaires and compilation of the
information should be made.

Item 4: General Discussion

15. During the second day of the meeting the group had an open and wide
ranging discussion of all topics previously identified or raised during the
first day presentations. In summary the discussions centered around the
following main subject areas:

the scenario concept
the logical framework for performance assessment and scenario
identification/selection

- the general approaches and methodologies for identification and
selection of scenarios

~ selected topical issues.

16. The group discussed the different concepts of what a scenario is. It
agreed that a broad view should be adopted in the scenario definitions. As an
example "radionuclide release from the near-field to the groundwater and
solute or colloidal transport through the geosphere to the biosphere" would
constitute a broad definition of a typical base-case scenario. There would
then be many variations when models and input data are specified in the
consequence analysis of this scenario. It was recognized that there is a
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gradua) transition from scenario identification/selection to specification for
mode11ing and consequence analysis. The group felt however that the choice of
conceptual models and input parameters is not part of scenario
identification/selection.

It was further recognised that the concept of sub- scenarios (for the
near-field, geosphere and biosphere) could be useful to include in the
terminology. It was also noted that it could not be excluded that particular
performance assessment approaches, 1ike simulation and mode)ling with
stochastic methods of an entire possible future of the disposal system and 1ts
environment, would require a terminology adapted to that approach.

1t was decided that the NEA Secretariat would draft a set of
definitions for the terminology ‘needed and send it to the participants for

comments.

17. The role of scenarfo identification and selection in the overall
framework of performance assessments was discussed. Based on these
discussions, schematic diagrams will be developed (see Annex 3) to show the
1inkages and interactions between the different elements of performance
assessment in general and scenario identification/selection in particular..
The need for an iterative process was stressed. That means that it is needed
to define a disposal system; 1identify and select scenarios; analyse these
and based on the results adjust the system and/or the stenario selection and
the consequence analysis methodology; make complementary assessments; and in
this way gradually approach an “optimized* disposal system and a “mature"
safety assessment of it.

18. " Approaches and methodologies for~1dent1f1cat10n~and-se\ection of - —--
scenarios were discussed in detail. It was concluded that expert judgement is
fundamental as a basis for developing scenarios. A systematic procedure (for
instance as i1lustrated in Annex 1) should be applied and the application of
the procedure should be clearly documented.

Questions on the completeness of a set of scenarios were raised and it
is inevitable that there wil) never be, in a strict sense, ful) assurance that
all relevant scenarios have been 1dent1fied

A systematic screening of scenarios is needed to arrive at a Timited
set of really important scenarios for detailed analysis. Screening criteria
were discussed and it was felt that some general guidelines based on physical
reasonableness, regulations, preliminary risk estimates, etc. could be
formulated in the report (see Annex 3). Also in this case the application
would call for clear documentation of, for example, simple bounding
calculations leading to rejection of a particular scenario.

19. Among the topical issues raised were time perspectives and the use of
cut off times, the estimation/calculation of probabilities, human intrusion
scenarios and bounding analysis (*what-if" Ca1cu1ations)

It was noted that there is at present no common approach to time
perspectives. Time periods for institutional control for shallow ground
disposal is normally assumed to last a few hundred years. Regulations in some
countries, notably Canada and the USA, mention 10.000 years as the time period
for which detailed safety eva]uations have to be made In other cases
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assessments over 1 million years or more have been made. In view of
predictions of astronomic and large scale geological events 107-108 years

seems to be an absolute upper 1imit for any meaningful discussion of the
possible future influence of a radiocactive waste repository.

There are several possible approaches to estimation of probabilities
ranging from strict axiomatic calculations to subjective estimates. A
description of these approaches with examples will be included in the report.
The importance of defining probabilities in a clear way was stressed, as was
the need to make clear distinctions between for instance probabilities of
events/processes, probabilities of scenarios and probabilities of health
effects within certain scenarios. In this context, the group also discussed
*risk dilution® i.e. the possibility of lowering the estimated "total risk®
from a certain scenario by including cases where the consequences are nil
rather than concentrating on the pessimistic cases within a scenario ("risk
concentration®).

Item 5: Plan for future work

20. The third day of the meeting was used to develop a structure for a
final report. This "table of contents" is attached (Annex 3).

David Hodgkinson undertook to provide a first draft for comments by
WG-participants before the next meeting which is tentatively set to 9-11 May
1988. An overview document (about 20 pages) would be prepared for the next
PAAG meeting in January.

21. The NEA Secretariat will make a further compilation of scenario
questionnaires and draft a systematic presentation (catalogue) of all this
material. A draft terminology will also be made for comments by the working
group.

22. In order to provide the PAAG with an opportunity to discuss in detail

the NEA work on scenarios a one-day topical workshop will be arranged at the

next meeting of PAAG which will be held in Paris, 25-27 January. The working
group proposed the following presentations for inclusion in the programme of

such a topical workshop.

- Background information on the scenario work by NEA and questionnaire
responses, by C. Thegerstrom, NEA

- Presentation of the Scenario Selection Procedure developed at Sandia
and its application, by B. Cranwell, USA

- The role of scenarios in an approach using stochastic methods for
time dependent simulation of the future of nuclear waste disposal
systems and their environment (Brian Thompson, UKDOE, will be asked
to make this presentation)

- Presentation of the NEA working group approach to Scenario
Identification and Selection by D. Hodgkinson, UK.

The NEA Secretariat will prepare further a detailed programme for the
PAAG workshop in contact with the Chairman of PAAG and the chairman of the
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working group on scenarios, Ample time should be allowed for discussions.
Background documents for the PAAG-meeting and for this one-day workshop are
planned to be sent to Members of PAAG before mid December 1987.

23. It 1s planned to include in the'reportha wofkgdéout example of scenario

development for a chosen deep disposal concept. There is interest from Sweden .

(SKI and SKB) to support work based on a deep repasitory in crystalline rochs’
and possible arrangements and plans will be investigated further and presented
at the next PAAG meeting.

24. The next meeting of the Working Group is planned to be held 9-11 May
1988 in Paris. This make it possible to obtain comments and further guidance
on the work by the PAAG, which has its meeting in January and by the RWMC
which has its next meeting end of March 1988.

Item 6: Other business

25. It is proposed that the working group participants (including NEA
Secretariat) on their own initiatives send out reports and documents relevant
as a background material for the work to be made.

Attached

- Annex 1: Graphica1 Illustration of Scenario Selection Procedure
Annex 2: Overview of responses to NEA Scenario Questionnaire

- Annex 3: Draft table of contents for final document

- List of participants
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ANNEX 1

IDENTIFY POTENTIALLY
DISRUPTIVE EVENTS,
FEATURES AND
PROCESSES

Y

CLASSIFY EVENTS,
. FEATURES AND
PROCESSES

SCREEN EVENTS, I

r

"

FEATURES AND PROCESSES

Y

COMBINE EVENTS,
FEATURES AND PROCESSES
TO FORM SCENARIOS

Y

SCREEN SCENARIOS

Y

FINAL SET OF
SCENARIOS

L

Fig. 1 Graphical Illustration of Scenario Selection

Procedure
(from NUREG/CR-1667, SAND 80-1429)
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ANNEX 2

Overv1ew of Responses to NEA Scenario Questionnaire

By the end of October 1987 23 questionnaire responses were receiyed
from 10 Member countries. They cover scenarios and assessments for disposal
of all types of radjoactive wastes 1nc1uding also a case of disposal of
uranium mi1l tailings. Table 1 below is an overview of the responses with a
preliminary brief characterisation of them. The complete questionnaires are
available at NEA and a comprehensive compi]ation of the existing and possible
additional material will be made as part of the preparations for the working
group document that is planned to include a questiopnaire catalogue as an
annex. Thus there is still time to provide questionnaire responses for those
organisations who would 1ike to do so and in that way have their studies
included in the catalogue. Everybody that provide 1nput to the scepario
catalogue will get it ip draft form for comments.



COUNTRY/AUTHORS

Marivoet/Bonne
SCX/CEN, Mol

Stephens/Goodwin/
Wikjord
AECL

Jdarvis/Hardy
AECL, Chalk River

SITE & DISPOSAL CONCEPY

Soom - Clay formation.
Vitrifiod HLW disposal at
230 m depth in galleriaes
or boreholes from
galleries

Plutonic rock in Canada
CANOU-fuel in Ti-
containers, at 500-1000 m
depth. Explacement

in boreholes frua room-
floor. Sand/Bentonite
buffer.

Sand dune at Chalk River
L disposal in engineer-
od vaults below surface
but above water-table.

OVERVIEW OF RESPONSES 10 NEA SCENARIO QUESTIONNAJRE

PURPOSE AND MALN RESULTS OF
PERFORMANCE ASSESSMENT

A first evaluation of long-term
safety. 50 m clay layer was
found efficient to confine
wistes. Thickness of clay-layer
is important

To evaluate safety and to
demongtrate methods, 3rd
postclosure assessmont as part
of broader concept evaluation.
2nd post-closure assessment:

no significant consequence for
more than 10 000 years. Highest
doses fram 1-129 in well
scenario. The geosphere is the
major barrier. SYVAC 3-0C3 wil)
be main tool.

To obtain approval to proceed
with detailed design.

Ispact of Co-60, Cs-137 and
Sr-90 well balow reg. limits

(= risk of less than

10-6y-1).

Institutiona) control for 50-100
yoars may be necessary.

SCENARIO
T0RMTIF ICATION
METHOOOLOGY

Jolnt SCX/CEN &
JMC Ispra study.
Fault Tree
Analysis (FTA)
technique was
vsed,

Judgament of the
group performing
the assesssant
and other wasbers
of the programme.

Discussion and
forma) working
parties covering
a wide range of
disciplines.

SCENARLIOS SELECTED

- Noreal evolution

- Wl scanario

- Climatic changes
(precipitation)

~ Glaciation

~ Faulting

(4min intrusion)

- Cantral scenario
(= groundwater
intrusion with

severa) variations)

others:

- Glaciation

- Saismic events

- Criticality

- Hawn intrusion
- Volcanism

- Meteorite Strike

- Surface explosions
- Undetected geosphere

patimays.

- Groundwater migration

~ Wl drilling into
underlying aquifer

~ Discovery Intrusion

- Escapes of gases/
vapeur

One of tha few studies using F1A
to estimite probabilities of
scenarios.

1960-83 | manyear/year.
1984972, °

Interna) review only.

Review and update during the
next years.

Full probabilistic assessment
(SYWAC)

Simutations giving high dose
wil) be analysed in detald.
Elaborate review process is
planned Including public
hearings.

Additional nuclides wil) be
studied In next safety report.
COSMO5-510~code used and will
be run in stochastic mode in
later assessmants.
Probabitities of same intrusion
scenarios will be considered

8(£6)300/9vvd




COUNTRY/MSTHORS

CAMADA {Cont.)
Whitehead, AECB
(Proponent :
Eldored Resources
Limited)

29012 i tehead

Eldoradn m
Limited)

Storck, GSF

SITE & DISPOSAL QONCEPT

Fort Cranby, Ontario.

Ti11 layers. Engineered
buria) of 600 000 a3

Ra-U-refinery wastes.
00x20mx W
deep trenches with cap
and cover cptions.

Port Granby, Ontario.

. Cavern disposal of weste

as shove. Caverns Yocated
in bedded \imestone at
about 100 m depth,

Beavertodge, Saskatchewan
Shallew Lake dieposal of

‘$ x 105 tonnes of
- urantom 111 tallings.

Gorleben, salt dome.
Disposal leve) abowt 800'm.
MM in 300 m deep borehotes.

“Spent fuel in drifts.

LM in chanbers,

PURPOSE AND PAIN RESIRLTS OF
‘PERFORMANCE ASSESSMENT

Scoping erercive,

Exposure of weste or overflow
could result- in wnecoeptable
doses.

© and Th-Z30 were maln
contridbutors to dose.

Scoping evercise.

Release via grounduater the
only pathay.

Contaminants migrated lesc than
1 @ from facility in 2000 y.
Trpreper séaling could result
in unacceptable doses.

Yo evaluate and salect
Estimmted individual doses were
1-10 mren/y,

Rerowal of u\“m and disposal
mderground was aot found
Justified besed on ws! benefit
analysis.

- StabAtization m h

prevent or redece wigration were
adopted.

Yo deronstrate the methodology
{PSE). Oetsrmrinistic,
conservative sssessment. Mo

. contact of intreding brine and

MM doe to creep (high tew.).
Relesse from MW, LW give
10-45v/a after 6000 yoars.

SCENARIO
IDENTIFICATION

SCEWMRIOS SELECTED

Judgement by the grewp - Retease 0 swrface
designing and perform-
ing the assetwment.

« teaching and seapags from
cover into bedrock

- puard seepage via sheft to

weathered some and to a well.

Joint consaltation foteases if
between the preponent - Rwwoval and disposal of al)
and Teguiatory taitings anderground.
agenches, - Conplete setercover

- partial satevcover

- Yegetation of taitings

. - Piysical cover

- Carbinetions of the sbove
Expert judgement. ‘Brine intrusion via the min
Selection of & single aninorite.
scenario for
damonstiation purposes

Thme cwtoffs of 1000 y or
2000 y were applied

“tomervative dut
realistic® input valtues used

Real orse Tost dene¥it analysis

- Enpected to be an ‘wtrella

scererio®,
The inportance of relevant
oheromena {sohbifities, dam

-permebitity,. twp. creep) oil}
e eonstdered for future
~yeposttory. drsign.

-“-

8(18)200/3vvd



COUNTRY/AUTHORS

FRG {(cont.)

FINUAD

Vieno, V1T
Peltonen, TVO

Vieno, VIT

SITE & DISPOSAL CONCEPT

Konrad abandonad iron-mine.
Host rock thickness &0 o/
1200 w below surface. LLi,
MW disposal in excaveted
chazbers.

Asse salt dome. LLW, MW in
chambers from former mining
batween 490-750 m in depth.

Gorleban, salt dome.
vitrified Wi disposal in
boreholes of 300 m depth,
disposal level 800 m.

Olkiluoto, Crystalline bedrock
Disposal of spent fual)
encapsulated in Cu-canister in
deposition holes with bentonite
buffer at 500 m depth.

Loviisa, crystalline rock.
LLW disposa) in rock caverns
at about 100 m depth.

PURPOSE AND MAIN RESULTS OF
PERFURNANCE ASSESSMENY

Licensing procedure.
Deterministic conservative
assessmpnt. Posk duses 10-45v/a
after 300 000 y.

Prolininary study to define
necessary RED work. Deterministic
consarvative assessment. Results
not yet published.

To demonstrate the methodology
(PAGIS). Probabilistic assess-
ment. Results not yet published.

Feasibility study. Conservative
asseswmnt. Al) cises were below
10-57-1 health risk.

Performance of any single barrier
is not critical.

Licensing (PSAR).

Maximun individual doses
consérvatively estimited to be
below 10-5 Sv/y in al? cases.

SCENARLO
T0ENTIFICATION
METHOOOLOGY

Export judgement.

Expert judgement.
Selection of a single
sconario for
damonstration purposes

Expert Judgament.

Judgement by the teas
performaing the study.
IAEA check 1ist wis
used

Judgement by the teas
performing the study.
IAEA chack Yist was
used.

SCENARIOS SELECTED

~ Norma) evolution for
undisturbed site

- Prefereatia) pathuays through
driliholes or shaft.

- Deformations give pathways for
unsaturated brine into
backfilling repository.

- Intrusion of satureted brine
via main anhydrite

- Intrusion via shafts or flank
of the dome

- tzan intrusion by solution
aining

- Basic scenario
- Disturbed evolution
(initia) canister failure,
oxldising cond. In geosphere,
veed
- Disrwptive events (major
_rock movement, exploratory
dridting).

- Basic scenario

- Changes is loca) groundwater
conditions

- Rapid degradation of
engineered barriers

- Land uplift and sea level

changes

Raview process included in the
Vicensing procedure.

Expectad to be an wbrella
sconario.

Probabilities of postglacial block
sovaaent and buza intrusion were
estimated.

Review by authorities has been made

A “wise aen grow® will be
established to review scenario
salection.

Probabilities were estimated for
well drilling and disruptive
events due to seisalcs.

Tota) loss of performance of
engineered barriers is considered
as & "worst case® scenario.

The PSAR was given to authorities
in Decesber 1966 for review.

8(£8)300/3vvd




COUNTRY/MITHORS

Finland (cont.)

Vien, VTV
Peltones, TVO

Lewi, CEA

Yok, JERT

SITE & DISPOSAL CONCEPT

Olkiluotn, crystalline rock.
UM disposal in rock caverns -
2% 50-90 m depth.

Crystalitre rock in France
(Auriat, Barfleor) oe. in UK.
vitrified tau stored for 30 or
100 y divposed of in borehales:
at depth. Bentonite
backfilling

Roktreshosmma. Shallow land
disposal of UW.

Dispesa¥ of vitrified M4 at
depth, Multiverrier system.

PURPOSE AND MATM RESILTS OF
PERFORMANCE ASSESSFENT

Licensing. (PSAR)..

Mascienrn individual doses.
conservatively. estianted to be-
pelow. 10-45¢/y in all cases.

Fessibility study for selected
formations and repository .
designs (PAGYS, CEC). MELODIE-
code used. Results to be
published by CEC

ticenss application to start
& site. Assesmment and results

st} pending.

Prel. performnce assessment,
design review, evaluation of RSD
work, Results still pending.

SCENARIO
TDENTIFICATION
METHOOOLOGY

Judgerent by the- team

the: study,
IAEA Yist was used:

Expert judgement.

i
Reference to inter-
national studies.
A domestic growp wil)
be set wp to. give
advice.

SCENARTOS SELECTED

- Bssic scenario. (conservative See abova

or realistic deta)

= Rapid degradation of eng.
barriers .

= Mater Filling of gas lock

Earthaquaires.
- Land uplift

- "Norme). evalution scenario

- Altered scemario (= human
intrusion by mining close
to repository)

- Uplift or sink of geosphere
- Eartheoae

- Bost. astimate parmmeter valuves +

uncertainty/sensitivity amalysis.
Shaft or borehote sealing failure,
initial conister fallure, fault-
ing and glaciation wil) be
considered. in the: future.

In response to burial operators
application authorities ave
preparing safety asserymmt
methodotogies and reguistory.
guideiines .

Tire-span divided. into short

(1000 y) medium (10008 y). and
Yomg: term X > 10 000Y).

A mationa) review. comittee hes
been set. up..  Taternetional review
is also planned,

8(£9)200/2vvd



COUNTRY/AUTHCRS

Pagp, SKB

Andersson, SKI

SWITZERLAND

Hadermann, EIR
McCombie, NAGRA

SITE & DISPOSAL CONCEPT

Swedish crystalline rock
study site. Spent fuel
encapsulated in Cu-canisters
disposal (500 m depth) in
deposition holes.

Bentonite buffer.

See above

Crystalline basement in
Nothern Switzerland overlayed
by several 100 m of sediments.
Vitrified HN in thick iron

canisters disposed in drifts at

1300 m depth.

PURPOSE AND MALN RESULTS OF
PERFORIAICE ASSESSMENT

Feasibility study required by the
Tau (KBS-3). Deterministic
conservative assessmont. After
extensive nationdl and inter-
hational review the concept was
considered by the Government to be
accaptable.

Complementary studies in reviewing
of KBS-3 study., Parssster
variation + effects of barriers
studied. KBS-3 method considered
feasible. Canister, buffer and
barrier must all
function in the early stage
after disposal. More research
needed before isplementation.

Feasibility study (Project Gewdhr)
required by law. Deterministic
assessment With pareaseter
variations. Calculated doses

far below Hwits. Remaining
questions concern representativity
of data and sodel validation.

TOENTIFICATION
METHODOLOGY

Judgement within the
group performing the
study. (Including
axperts in a varlety
of relevant areas).

Judgament in
canplement to above

Judgement within the
group performing the
study. Help of
specialists in
particular fields.
Systematic classifi-
cation of events and

processes.

SCENARIOS SELECTED

- Reference scenario (with 4
subscenarios on recipient)

- Initial canister fallure

- Oxidized geosphere

- High colloid fraction

- Land rise

- Earth quake (rock
displacament)

- Criticality

- Glaciation, Meteorite impact,

Mawan intrusion

- Variations of reference
sconaria and initial
canister fallure scenario.

- Bdse case sconario o
parameter variations

- Well in upper crystalline

- Extreme clisute

- Others (erosion, wulcanisa,

mateorites, earthquakes, tect.

movements, decospression
around rep., shaft failure,
collolds/microbes, etc.
considered qualitatively)

8(£8)200/3vVd

The transition from feasibildity
studies to comperison of concepts
and optimization will require more
systematic approsch and less
conservatise. Probabllistic
sathods will also be used In
future.

$kB choice of scenarios was not
sariously critisized.

Basis for scenario identification
wil) not change much.

Quantitative probabilistic aspects
will be introduced in future
assessmonts.




COUNTRY/MSTHORS

Switzeriand (Cont.)

Turkinden

Van Dorp, NAGRA

SITE & DISPOSAL CONCEPT

Sea above

crystalline site. Disposal of

“LIM and MM in caverns with

horizontal access in a mowvtain.
Oifferant options of engineered
barriers.

See above

PURPOSE AND MAIN RESULTS OF
PERFORMANCE ASSESSMENT

Critical review of Project Gewshr.
The most important open question
concern sxistence of sufficiently
large rock bodies for which used
data apply. Disposal in other
rocks than the basement should alse
be evaluated.

Feasidbility study (Project Gewdhr)
Beterministic assesament. The study
showed that disposal of LLW/MN
should be possidle without exceed-
ing regalatory Vimits (individual
dota < 0,) sSe/y). Erosion
scenarios caysed the highest doses,
(Erosien could.ocour within

105-1! y).

Review of Project Gewite study.
The safe disposal was found

" feasible. Disposal of a-bearing

waste sets however higher
requirememts on the
tntegrity of the geological barrier

SCENARTO
IDENTIFICATION

External ewports used
to give judgement.

Expert Judgement.
1AEA 11ist was used.

Judgenent by the grom
porforming the study, )

SCENARIOS SELECTED

- Basic scenario with variations Uncertainties give variations in

- Nat. Processes and events
(climatic changes, erosion,
tectonic moverent, others))

- Repository induced scemarios
(early canister fallure,
fallure of backfil] or shaft

" sealing, collotdsmicro-
organiems,...)

- tarmen induced scenario
{extraction of meterials or

-water, ¥od. of Flow path or
sorption cap.)

- #atural processes (water
tranvsport, climate chamges,
evosion) .

- Natural events (earthqueires,
floods, faulting) .

- Maste and repository effects

- MHuman activities

- -CQ‘C m with
variations

= Niztura) precesses and svents

{glaciation, dry.climete,
landsiide, natural gas)

- Repository induced scenarios
{Gas displacement, colloids,
frpairment of migr. barrier)

- Hmen intrusion (drilling,
Sonmeting)

calceulated dose of .8 orders of
magnitude, Nigration barrier gave
Yarge variation with oncertainties.
Alternative scenarios were treated
only qualitatively.

Extension of presemt guidelines by
some probaditistic element is
forseen.

1f possible scemarios were treated
a3 parameter variations of the bese
case scerario.

Erosion scenarios weve taken into
accoont in site setection. Gas
release scenarios influoences the
design of eng. barriers.

Tove arphesis in the future on
erosion and hamen intrusion
scerarios. Probabiiistic swpects
-wiT) b introdeced.

A thorough quentitirtive assesewent
of j0emified scenerios is ashed
for in the project phase. Need to
extend present guidelines by sove
probabllistic etement,

8(19)200/3vvd
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COUNTRY/AUTHORS

UNITED STATES

Guzowskh, SANDIA

Cranwell, SANDIA

Bonano, SANDIA

UNITED KINGDOM

Grismood

SITE & DISPOSAL CONCEPT

Yucca Mountain tuff site in
vnsadturated wone. Spent fuel
in stainless stee) canisters.
200-300 m below surface and
200-400 @ above water table.

Hypothetical badded-salt site
being representative of several
regions in the US.

Vitrified Hild disposal at

100 m depth.

Hypothetica) basalt site
representative of MW United
States. Vitrified HLW waste
disposd) at about 900 m depth.

Drigg site. Shallow burial of
LLW in trenches inclay I m

topcovar.
From 1968 disposal wil) be in
concrete tined vaults.

PURPOSE AND MALN RESULTS OF
PERFORMANCE ASSESSMENT

ODemonstration of performance
assessnent methodology. Results
not yet available.

Oemonstration of perforeance
assassmont methodology. The study
showed, for scenarios and data used
that EPA standard would be
violatad.

Demonstration of performance
assessmant methodology.

Sinple solubility limited source
term was used. Grounduater travel
time criterion was met. Sensitivity
analysis shawed radionuclide
transport dependence on matrix
diffusion and gr. water travel
tise.

To guide further research and
investigations and to form a basis
for site authorisation.

Overal) risks assessed to ba less
than 106 y -1 (Reg. Vimit).

SCENARIO
IDENTIFICATION
METHOOOLOGY

Expert judgement with
systematic listing and

SCENARIOS SELECTED

- Base case (including also
migration of gaseous radio-

screening of evants and  nuclides)

processes. Cambination
of eveats/

processas result in
scanarios.

Se@ above

Ses abave

Expert judgement
through review of
previous studies and
consideration of site
and waste-spacific
conditions.

- Pluvial conditions with
several varfations (faulting,
perched water table,
withdrawal wells, ...)

- Base case (undisturbed
conditions)

- Scenarios cosbining different
hydrological conditions
including wells, U-tube
conditions and dissolution
cavity above repository

- Orill shaft intersecting
canister surroundings

- Groundwater travel time
calculation

- Chinge of river location

~ Groundwater pumping

- Orilling through repository

- Faulting

- Heat offects

- Glaciation

- Grounduater release scenarios

- Gas release of W3, CI4, Ra222

- Humin intrusion (boreholes,
excavation etc.)

- Well withdrawd! fram cont.
aquifers

- Fire during cperations

Prababilities physical reason-
leness used Ia screening

process.
Work done for USMRC.

Probabilistic assessment. Most of
the prabability wodels and data
are very site specific. Subjective
estimates of probubllities by

expert is the bast approach in many
cases. Work done for USNRC

Data uncertainties was taken into
account in a probabilistic manner.

Wel) scenario probability based on
current rate of sinking wells in
the region.

Intrusion probability also
estimated.

Glaciation and erosion to be
studied also.

8(£8)30a/3vYd




COUNTRY/MITHORS

% (cont.)

J. Jowell
(on behalf of NIREX
ass. team)

INTERRATIONAL seabed

Working Growp. (CECOV
NEA

SITE & DISPOSAL COMCEPT

Sedimentary formation with clay -
as:host rocke. Neae-surface:
(5-20 m-below ground-lewel)
disposal of LINW-in concrete
vaults. 300y institutional

controt

Disposal of e in-stu"l
peretrators 50 m into the sea-
bed: (2000 m depth) in the-

Attantic Oceen. lm
penetrators .188'm
Wing to-

- spent fuet -

PURPOSE AND MAIN RESILTS OF
PERFORMANCE . ASSESSMENT

To aid- in-selecting a repository
design and site able to satisfy
reg.. criteria. Ous to a chamge in
national policy the studies are not
fulfilled beyond the preliminery
stage. Preliminary enalysis of
tuman intrusion scenarios gave
estimated pesk individual risks of
about 10-6y-1 (regs. Timit) to

up to- 3.10-5y~} for a

repotitory with only 5 m cover.

To- assess the-safety of the seabed
concept, The-study indicate that
seabed disposal 5. a very safe
option. Further research. should
alm-at madel valldation for-
porewater migration, retention
properties-in sediments etc...

SCEMARIO SCENARIOS SELECTED
I0ENTIFICATION

METHODOLOGY

a) use of IAEA.1ist The following. categories-were

b) personal. imagination salected:

c) group disc. in-saf. a) groundwater-transport
#55. meetings- b) intrusion .

d) classification by c) gasecus.tramsport
cause ond exposure  d) nat. disruptive avents.
route

a) Base case scenario-

b) Abnorma} scemarios.
= penstrater depth < 10'm
Mpmnm valocity .

n sediments:
) “d- 0 :in sedimmnts

To- i1lustrate uncertainties due to
subjective aspects .of assessing:
umen- intrusion: it-was planned to
have to independent groups address
the: same scenario.. 105y used-es-
cut-of f. Future work will be on
deepr site concepts. Scemario-
interaction-will be considered in

Calculations: weve-mude.-
simuitansously. and. independently
by different institutions  in
severa} countries. A consistent
set of moduls- and a single data.
base was-used:.

-Ll-
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ANNEX 3

TABLE OF CONTENT FOR NEA REPORT ON SCENARIOS

(DRAFT)

INTROODUCTION

Sources and characteristics (scheme) of radioactive waste will be
briefly described.

The long time perspectives will be mentioned. Hence the need of
scenarios (possible futures) to assess the long-term safety.
Safety approach of nuclear waste disposal compared to toxfic waste
disposal will be mentioned to give the broad perspective.

The purpose of the report and the role of NEA and PAAG.

FRAMEWORK OF PERFORMANCE ASSESSMENT

Purpose of performance assessment.

Regulations.

Structure and elements of performance assessment (diagram).
Reference to Appendix 1 (compilation overview of questionnaire
responses and assessments made in NEA Member countries).

Role of scenarios in performance assessment.

STRUCTURE OF SCENARIO DEVELOPMENT

History and state of the art (ref. App. 1) (IAEA, NRC-Sandia, NEA WG).
Conclusion: much has been done but more systematics is needed.

Expert judgement fundamental (+ systematics).

Procedure diagram (Sandia). This is the overall structure and
applications might vary.

Discussions of definitions with examples (what 3s a scenario and what
s not). Distinctions.

Discussion of completeness and transparency (QA, traceability,
understandability).

Discussion of probabilities (1isting of calculation/estimation methods,
preliminary and refined calculations, etc.). Reference to Appendix 2
for more detatls.

COMPONENTS OF SCENARIO DEVELOPMENT

Introductory words of wisdom. (The procedure outlined in this chapter
gives a systematic structure to be used for development of scenarios by
expert opinion. Feedback important).
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Identification of Features, Events and Processes (FEP:s)

Definitions

Completeness

Types of people involved '

List of FEP:s for deep disposal (Vists for near-surface and seabed
FEP:s wil) be given in Appendix 3)

A word about unpconscious screen1ng thoroughness. comp]eteness
Timescales, natura) analogues.

Classifjcation of FEP:s

This closely interacts with the ident{fication of F£P,s #nd 1t helps to
address the thoroughness issue
Examples of classification:
. human, natural, repository
short-term, Jong-term
. release (near-field), transport (geosphere) exposure {biosphere)
. according to scient\fic disciplines (chemis&ry. geology, etc, )

Screening of FEP:s

Site and system specific
Examples of screening criteria
. physical reasonableness
regulations
probabilities
bounding consequence analysis
incremental consequences-
cut-off time

Combine FEP:s to form seenar1os
A11 combinations of FEP:s (completeness)

Examples of methods

. Logic diagrams

- Influence diagrams (?)
. Event trees

. Fault trees

Y N) ed

Scenario screening

Site and system specific
Consider time-sequence
screening criteria

physical reasonableness

regulations

probabilities

bounding consequence analysis
. incremental consequence
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Scenarios for Consequence Analysis

Consequence modellers should be directly Involved (mode) dependent)
Grouping of related scenarios

Identification of scenarios that need model and data development
Priorities

Specification for modelling

Example 1 (worst time sequences)

Example 2 (stochastic time sequences)

Reminder of probabilities

RECOMMENDATIONS AND CONCLUSIONS

Be systematic

Document all steps
Traceability, understandability
Broad interaction (e.g. review)

Iterate
Early interaction with R& and site investigations, repository design

and site investigation/selection.

APPENDICES

1.
2.

QUESTIONNAIRE CATALOGUE
ESTIMATION/CALCULATION OF PROBABILITIES

LISTS OF FEATURES, EVENTS AND PROCESSES FOR SHALLOW DISPOSAL AND SEABED
DISPOSAL

COMPLETE EXAMPLE OF SCENARIO DEVELOPMENT FOR A CHOSEN DEEP DISPOSAL
CONCEPT

GLOSSARY
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WORKING GROUP ON SCENARTOS
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Fax. (204) 753-8404

FRANCE P1erre ESCALfER DES ORRES )
Commissafiat & T'Energlé Afomiqie
1PSN/DAS/SASICC/SAED
8.P. N° &

92265 Fonténay-aux Roses Cedex
Tel. 46 54 86 20
Tix. SURIN 270049 f
Fax.

Jacob MARCIANO and
Th1erry FOULT
Agencé Nationale pour 1a Gestton dés DEchets
Radloactifs
ANDRA
29-33 ruée de la Fédération
75752 Paris Cedex 15
Tel. 40 56 10 00
Tlx 205433
Fax 40 56 27 99

SWEDEN Kjell ANDERSSON

Swedish Nutlear Power Inspectorate

Sehistedtsgitan 11

Box 27106

- 5-102 52 Stockholm

Tel. {8) 63 55 60
T1x. 11961 SWEATOMS
Fax. (8) 61 90 86

SWITZERLAND  Piet ZUiDEMA
NAGRA
Parkstrassé 23
CH-5401 Baden
Tel. (56) 205 511/205 287
Tix. 828204 NAGR CH
Fax. (56) 205 207
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NEA Secretariat
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David HODGKINSON

INTERA/ECL

Highlands Farm

Greys Road

Henley-on-Thames

Oxfordshire RG9 4PS
Tel. (0491) 575 989
Tix. 848776 ECL UKG
Fax. (0491) 576 557

Robert CRANWELL

Waste Management Systems

Division 6416

Sandia National Laboratories

P.0. Box 5800

Albuquerque, New Mexico 87185
Tel. (505) 844 8368
Tix. 169012
Fax. (505) 844 1723

Robert GUZOWSKI

Waste Management Systems

Division 6416

Sandia National Laboratories

P.0. Box 5800

Albuquerque, NM 87185
Tel. (505) 846 5448
T1x. 169012
Fax. (505) 844 1723

Daniel GALSON
US Nuclear Regulatory Commission
Division of High-Level Waste Management
Mail Stop 623-SS
Washington, D.C. 20555

Tel. (301) 427 4623

Tix. 908142 NRC-BHD WSH

Fax.

Claes THEGERSTROM

Division of Radlation Protection
and Waste Management

38 boulevard Suchet

F-75016 PARIS

Tel. (33) 1/45 24 96 78

Tix. 630668 AENNEA

Fax. (33) 1/45 24 96 24

Stefan CARLYLE

Tel. (33) 1/45 24 96 27

Jean-Pierre OLIVIER

Tel. (33) 1/45 24 9695
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